US009583052B2

12 United States Patent 10) Patent No.: US 9.583.052 B2

Katsu et al. 45) Date of Patent: *Feb. 28, 2017
(54) DISPLAY DEVICE AND DISPLAY METHOD (358) Field of Classification Search
None

(71) Applicant: Sony Corporation, Tokyo (JP) See application file for complete search history.
(72) Inventors: Yoshihiro Katsu, Kanagawa (JP); (56) References Cited

Tomohiro Nishi, Tokyo (JP); Akihiro _

Ohta, Tokyo (IP); Mitsuyasu Asano, U.s. PATENT DOCUMENTS

Tokyo (IP) 8,139,020 B2 3/2012 Ohshima

_ _ 8,139,022 B2 3/2012 Ohshima
(73) Assignee: Sony Corporation (IP)

(Continued)
(*) Notice: Subject‘ to any disclaimer,,. the term of this FOREIGN PATENT DOCUMENTS
patent 1s extended or adjusted under 35
U.S5.C. 154(b) by O days. CN 101572066 A 11/2009
This patent 1s subject to a terminal dis- EE 1004478 Al . 8/2005
claimer. (Continued)
(21) Appl. No.: 14/844,144 OTHER PUBLICATTONS
(22) Filed: Sep. 3, 2015 European Search Report from EP Application No. 12191148, dated
Feb. 7, 2013.
(65) Prior Publication Data (Continued)
US 2015/0379943 Al Dec. 31, 2015 Prfma}fy Fyaminer — Seokyun Moon
D (74) Attorney, Agent, or Firm — Lemer, David,
Related U.S. Application Data Littenberg, Krumholz & Mentlik, LLP
(63) Continuation of application No. 13/667,529, filed on
Nov. 2, 2012, now Pat. No. 9,159,273, (57) ABSTRACT
_ o o Disclosed herein 1s a display device including: a liquid
(30) Foreign Application Priority Data crystal display section adapted to display an image based on
a video signal; a backlight; and a processing section adapted
Nov. 10, 2011 (JP) oo 2011-246770 to correct the video signal and set the luminance of the
backlight based on two pieces of information, a peak level
(51)  Int, Cl. of the video signal in a display screen or in each of a
gh play
GO9G 3/34 (2006.01) plurality of partial display areas into which the display
G09G 3/36 (2006.01) screen 1s divided, and factor data obtained from a data map
(52) US. Cl made up of a reference position on the display screen and the
CPC ............. G09G 3/36 (2013.01); GO9IG 3/3426 factor data that are associated with each other
(2013.01); GO9G 2320/0271 (2013.01);
(Continued) 8 Claims, 12 Drawing Sheets
10F g i
e -
Sdisp m13 ~20
y o ~30
| :nIGf‘qAL DISPLAY
O—% ' t CGRREC?ICNH“ DRIVE i—’
| PORTION SECTION ~—4(
§ 15 Pt
CONTENT ‘FEAK _EVEL
DETECTION DETECTION
PORTION PORTION A CKLICHT
DRIVE
~—~—12F SECTION
PEAK LEVEL i ]
CORRECTION
PORTION
A lcorrecion )
DATA MAP "‘»
1
G2 1a

LUMINANCE f
SETTING ;

PORTION i




US 9,583,052 B2

Page 2
(52) U.S. CL
CPC .............. GO9G 2320/02585 (2013.01); GO9G
2320/062 (2013.01); GO9G 2320/0626
(2013.01); GO9G 2320/0646 (2013.01)
(56) References Cited

U.S. PATENT DOCUMENTS

2005/0128374 Al* 6/2005

2006/0238487 Al  10/2006
2008/0297463 Al  12/2008
2009/0109165 Al 4/2009
2010/0039440 Al 2/2010
2011/0292018 A1  12/2011

Furukawa ............ G02B 6/0018

349/56
Shih
Tsuru et al.
Park et al.
Tanaka et al.
Kubota et al.

FOREIGN PATENT DOCUMENTS

EP 2113904 A2 * 11/2009 ... G09G 3/3426

EP 2154673 A2
JP 2009-042652 A
JP 2010-115099 A

2/2010
2/2009
5/2010

OTHER PUBLICATIONS

China Office Action for Patent No. 201210433438.X Dated Jan. 28,

2016.

Furopean Examination for Application No. 12191148.1 dated Aug.

2, 2016.

* cited by examiner



NOILH0d

ONIL1d5
FONYNIIN{ ]

US 9,583,052 B2

_|
ﬁ S .
_ YW Y1¥Q
| NOTLDTUUOD
. _ NOLLYOd
. | NOILOTYHOD
2 NOLLD3S _
2 IATAC .
7 LHOITVE 7 NOIL304
P~ | NO1103130
} 13A37 NV3d
; |
) O NOILD35
- I R Po— IATHA
et AV1dSIQ
0C—
A
(¢)17

U.S. Patent




U.S. Patent Feb. 28, 2017 Sheet 2 of 12 US 9,583,052 B2

LIQUID CRYSTAL
DISPLAY SECTION,




US 9,583,052 B2

Sheet 3 of 12

Feb. 28, 2017

U.S. Patent

FIG.4

=
J T
L

FIG.5

™ ol

5 )
T
TER

7y
=
=X
<L

FIG.6

./

M
1
1
A

\

R

20




U.S. Patent Feb. 28, 2017 Sheet 4 of 12 US 9,583,052 B2

FIG. 7

DETECT PEAK LEVEL PL AND PEAK POSITION 151
PP FOR EACH PARTIAL DISPLAY AREA 31
52
CORRECT PEAK LEVEL PL

CORRECT VIDEO SIGNAL Sdisp LEVEL AND SET |53
LUMINANCE OF EACH PARTIAL LIGHT-EMITTING

SECHION 41 OF BACKLIGHT 40

END



US 9,583,052 B2

Sheet 5 of 12

_..J.........I...............ﬂ.............................. ._.!........................Jr..w.................ld!..\ S A n L ’

(78) £ @ @I

(26) O¥ (28) 5 (Z8) ¥V
¢ ¢ g

Feb. 28, 2017

8 OId

U.S. Patent

13A31 TYNDIS
G3Z1TYIWION



| L

US 9,583,052 B2

—
.
=
Pt 5
z 46 DI
>
<
)
11
a et oo A ot e s n 1 e e ma e A .S Ay > vt A b v e —nava
1 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
-~
&
\&
~—
L
L
i
7
N
iy
=
I~
A > _ _
S - V6 DI
2-,, r—
e BE!
3 <
. [ 11
= —
.S

TN (28 6V AW QO

LE

1€

U.S. Patent



US 9,583,052 B2

Sheet 7 of 12

Feb. 28, 2017

U.S. Patent

(CE) GV

- - iml..._..._..-_.l—.l.l.l..l.l.ll..

(28) by

fiii;{;ila

e

W

(¢¢)

Ly

(@

S

£) ey

23

P

(ZE) 1Y

_—

N sl

-

AONVNIIWNT

14A47 TVYNDIS

d01 DI

VOT DI



U.S. Patent Feb. 28, 2017 Sheet 8 of 12 US 9,583,052 B2

FIG.11

j}E}B
o

S 44




@\
aa
‘0
< NOILYOd
% ONT113S _
e JONYNIWAT _
= _ A S i
L_ 19 .
\ dvi viva|
W NOTLOTRNODI[™ _
s NOILEOd |
= NOTLDTYAUOD 7
- | .. 13A37 WY3d _
R _ _
7 *
” LHILIAJVE NOILYOd NOILYOd| |
65— NQILD313@ NOI1D313G 7
- y_ 13A37 ¥Y3d INIINOD| |
&; , | _ |
) O~ NOI1D3S NOILH0d
S — JATYQ e NCILOIWHOD e — S f— —
- 06 AV1dSIQ | TYNDIS )
0C _ CT ;
] OSIPS
N 7
g 477 107
=
% P1 DI
-



U.S. Patent Feb. 28, 2017 Sheet 10 of 12 US 9,583,052 B2

,r' o
-}‘n *"'** i




NOTLd0d

US 9,583,052 B2

ONIL13S
_, IONYNIRNT
NOLLYO0d
NOILYYINTO
I
. _ NOILDTNHOD
2 NOILYOd| —F
5 * NOLLOINY0D
- | _ T3ATT W3
. NOILD3S + TR 4]
£ JATHQ
LHliAJve _ NOT140d NOIL40d
= * NOILD313a|  [NOILD3L3G
~ _ 13A31 Nv3d 30V
S O~ NOILO3S _ NOILHOS
5 - JATEA b+ NOTLITHIOD e S S
= oo AV1dSIq WNOIS
0T T
m
A
o 05

U.S. Patent

|

gq;’.;q;‘;qgl;q;“
| #

iy plilligligligligliglin g Aigligliglgglgligloligiligliogligliogln, K  ryglfgigligliglioglgieligiogligiigligliglings W wigligligigilggleoglglgliglogligliogl oy sglfeglglogligoglglaliglogligloglinfogligy =i yigligligligioglogiigligligliiiglogligliogl. Wiy glegiglogligloglglglgloglglioginfionliog -




U.S. Patent Feb. 28, 2017 Sheet 12 of 12 US 9,583,052 B2

' RCEDED.B;
__RB({DT=0.9
1 RA({DT=1.0)

| w a " . [ ¥ o .
a ‘4." o & a
n‘f ‘*i . nln‘ **a.* nﬁi‘
o - o o
n"- - -_ **** .‘. n"-
-] - d .
. —
!nn“-n i‘* l "I- T I
o ,.."‘i - “‘u
[ ] - ; T
nnln + i!“'i h 1 . “‘
EF" ; N = - - -
-] *i " rl' I
'] i...‘ 1 o I rr:-
*i‘ Ty o - rr" [ 8 o
r
— | A - et w d aak
- rr' " L |
o y l:r L - nl "
< ' g Lty
"l " [ K ? rrr L
-i“ "
i‘ rl"
H - ' r
o I | 1 I+
: . -
- - i - m ' - i -l'_. *,.i .
. i - ****
. e -p,.*
. | oA

s .:::;.,.,.,.

/ P
¥
- e

A D



US 9,583,052 B2

1
DISPLAY DEVICE AND DISPLAY METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of patent appli-
cation Ser. No. 13/667,529 filed Nov. 2, 2012, which claims
the benefit of Japanese Patent Application No. 2011-246770
filed Nov. 10, 2011, the disclosures of which are icorpo-
rated herein by reference.

BACKGROUND

The present disclosure relates to a display device having
liguid crystal display elements and to a display method
thereol.

Recent years have seen an increasing transition from
CRTs (Cathode Ray Tubes) to slim display devices such as
liquid crystal display devices. In particular, liguid crystal
display devices are on their way to going mainstream for low
power consumption.

As for liquid crystal display devices, several technologies
have been proposed to further reduce the power consump-
tion. For example, Japanese Patent Laid-Open No. 2009-
42652 and Japanese Patent Laid-Open No. 2010-113099
disclose display devices that are designed to independently
control the emission luminance of the backlight (partially
drive the backlight) in each of a plurality of areas 1nto which
the backlight 1s divided according to luminance information
ol a video signal.

SUMMARY

Ecology has been attracting attention today, and liquid
crystal display devices are expected to fturther reduce their
power consumption.

In light of the foregoing, 1t i1s desirable to provide a
display device and display method that can contribute to
reduced power consumption.

A display device according to a first embodiment of the
present disclosure includes a liquid crystal display section,
backlight and processing section. The liquid crystal display
section displays an image based on a video signal. The
processing section corrects the video signal and sets the
luminance of the backlight based on two pieces of informa-
tion, a peak level of the video signal 1n a display screen or
in each of a plurality of partial display areas into which the
display screen 1s divided, and factor data obtained from a
data map made up of a reference position on the display
screen and the factor data that are associated with each other.

A display device according to a second embodiment of the
present disclosure includes a liquid crystal display section,
backlight and processing section. The liquid crystal display
section displays an image based on a video signal. The
processing section corrects the video signal and sets the
luminance of the backlight based on two pieces of informa-
tion, a peak level of the video signal 1n a display screen or
in each of a plurality of partial display areas into which the
display screen 1s divided, and a peak position, 1.e., a position
on the display screen where the peak level occurs.

A display device according to a third embodiment of the
present disclosure includes a liquid crystal display section,
backlight and processing section. The liquid crystal display
section displays an image based on a video signal. The
backlight has a plurality of partial light-emitting sections.
The processing section corrects the video signal and sets the
luminance of each of the partial light-emitting sections
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2

based on two pieces of information, a peak level of the video
signal 1n a partial display area associated with one of the
partial light-emitting sections, and the position of that partial
display area.

A display method according to an embodiment of the
present disclosure corrects a video signal and sets the
luminance of a backlight based on two pieces of informa-
tion, a peak level of the video signal 1n a display screen or
in each of a plurality of partial display areas into which the
display screen 1s divided, and factor data obtained from a
data map made up of a position on the display screen and the
factor data that are associated with each other so as to
display an 1image based on the corrected video signal.

In the display device according to the first embodiment
and display method according to the embodiment of the
present disclosure, the liquid crystal display section displays
an 1mage based on the video signal. At this time, the video
signal 1s corrected, and the luminance of the backlight is set,
based on the peak level and the factor data obtained from the
data map. An 1mage 1s displayed based on the corrected
video signal.

In the display device according to the second embodiment
of the present disclosure, the liquid crystal display section
displays an 1image based on the video signal. At this time, the
video signal 1s corrected, and the luminance of the backlight
1s set, based on the peak level and peak position. An 1image
1s displayed based on the corrected video signal.

In the display device according to the third embodiment
of the present disclosure, the liquid crystal display section
displays an image based on the video signal. At this time, the
video signal i1s corrected, and the luminance of the partial
light-emitting section associated with the partial display area
1s set, based on the peak level and the position of the partial
display area. An 1image 1s displayed based on the corrected
video signal.

The display device according to the first embodiment and
display method according to the embodiment of the present
disclosure correct the video signal and set the luminance of
the backlight based on the peak level and the factor data
obtained from the data map, thus providing reduced power
consumption.

The display device according to the second embodiment
of the present disclosure corrects the video signal and sets
the luminance of the backlight based on the peak level and
peak position, thus providing reduced power consumption.

The display device according to the third embodiment of
the present disclosure corrects the video signal and sets the
luminance of the partial light-emitting section based on the
peak level and the position of the partial display area, thus
providing reduced power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating a configuration
example of a display device according to a first embodiment
of the present disclosure;

FIG. 2 1s a block diagram illustrating a configuration
example of a display drive section and liquid crystal display
section shown 1n FIG. 1;

FIG. 3 1s a circuit diagram 1llustrating a configuration
example of the liquid crystal display section shown in FIG.
1

FIG. 4 1s an explanatory diagram illustrating a configu-
ration example of a backlight shown 1n FIG. 1;

FIG. 5 1s an explanatory diagram illustrating a display
screen shown 1n FIG. 1;
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FIG. 6 1s an explanatory diagram 1llustrating an example
of a correction data map shown in FIG. 1;
FI1G. 7 1s a flowchart 1llustrating an operation example of

a signal processing section shown in FIG. 1;

FIG. 8 1s a schematic diagram illustrating an operation
example of a peak level detection portion shown in FIG. 1;

FIGS. 9A and 9B are schematic diagrams illustrating an
operation example of a peak level correction portion shown
in FIG. 1;

FIGS. 10A and 10B are schematic diagrams 1llustrating an
operation example of the peak level correction portion
according to a modification example of the first embodi-
ment;

FIG. 11 1s an explanatory diagram illustrating a configu-
ration example of the backlight according to another modi-
fication example of the first embodiment;

FIG. 12 1s an explanatory diagram illustrating the display
screen according to the another modification example of the
first embodiment;

FIG. 13 1s an explanatory diagram illustrating the display
screen according to still another modification example of the
first embodiment;

FIG. 14 1s a block diagram illustrating a configuration
example of the display device according to still another
modification example of the first embodiment;

FIGS. 15A and 15B are explanatory diagrams 1llustrating
an example of a display screen and correction data map
according to a second embodiment;

FIG. 16 1s a block diagram illustrating a configuration
example of a display device according to a third embodi-
ment;

FIG. 17 1s an explanatory diagram illustrating an example
ol a correction data map shown in FIG. 16; and

FIG. 18 1s an explanatory diagram illustrating an example
of the correction data map according to a modification
example.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

A detailed description will be given below of the preferred
embodiments of the present disclosure with reference to the
accompanying drawings. It should be noted that the descrip-

tion will be given 1n the following order.
1. First Embodiment

2. Second Embodiment
3. Third Embodiment

1. First Embodiment

| Configuration Example]
(Example of the Overall Configuration)

FIG. 1 illustrates a configuration example of a display
device according to a first embodiment. A display device 1
1s a transmissive liquid crystal display device having a
backlight. It should be noted that the display method accord-
ing to the embodiments of the present disclosure 1s 1mple-
mented by the present embodiment. Therefore, the display
method will be described together with the first embodi-
ment.

The display device 1 includes a signal processing section
10, display drive section 20, liquid crystal display section
30, backlight drive section 9 and backlight 40.

The signal processing section 10 generates a video signal
Sdisp2 and sets the luminance of the backlight 40 based on
a video signal Sdisp. The signal processing section 10 will
be described 1n detail later.
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4

The display drnive section 20 drives the liquid crystal
display section 30 based on the video signal Sdisp2 supplied
from the signal processing section 10. The liquid crystal
display section 30 includes liquid crystal display elements
and displays an 1image by modulating light emitted from the
backlight 40.

FIG. 2 1illustrates an example of a block diagram of the
display drive section 20 and liquid crystal display section 30.
The display drive section 20 includes a timing control
portion 21, gate driver 22 and data driver 23. The timing
control portion 21 controls the dnive timings of the gate
driver 22 and data driver 23, and supplies the video signal
Sdisp2, supplied from a control section 24, to the data driver
23 as a video signal Sdisp3. The gate driver 22 selects pixels
Pix 1n the liquid crystal display section 30 one row at a time
in sequence under timing control of the timing control
portion 21, thus progressively scanning the pixels Pix. The
data driver 23 supplies a pixel signal based on the video
signal Sdisp3 to each of the pixels Pix of the liquid crystal
display section 30. More specifically, the data driver 23
handles digital-to-analog conversion based on the video
signal Sdisp3, thus generating a pixel signal, 1.¢., an analog
signal, and supplying the pixel signal to each of the pixels
Pix.

The liquid crystal display section 30 has a liquid crystal
material sealed between two transparent substrates that are
made, for example, of glass. Transparent electrodes, made,
for example, of ITO (Indium Tin Oxide) are formed 1n the
areas of these transparent substrates facing the liquid crystal
matenal, thus making up the pixels Pix together with the
liquid crystal material.

FIG. 3 1llustrates an example of a circuit diagram of the
liquad crystal display section 30. The liquid crystal display
section 30 1includes the plurality of pixels Pix that are
arranged 1 a matrix form. Each of the pixels Pix includes
three (red, green and blue) subpixels SPix. Fach of the
subpixels SPix has a TFT (thin-film transistor) element Tr
and liquid crystal element LC. The TFT element Tr includes
a thin film transistor. In this example, the TFT element Tr
includes an n-channel MOS (Metal Oxide Semiconductor)
TFT. The TFT element Tr has its source connected to a data
line SGL, 1ts gate connected to a gate line GCL and its drain
connected to one end of the liqud crystal element LC. The
liquid crystal element LC has one of its ends connected to
the drain of the TFT element Tr and the other end grounded.
The gate line GCL 1s connected to the gate driver 22, and the
data line SGL to the data driver 23.

The backlight 40 emits light based on a drive signal
supplied from the backlight drive section 9 and directs 1t to
the liqguid crystal display section 30.

FIG. 4 illustrates a configuration example of the backlight
40. The backlight 40 1s a so-called direct backlight having a
plurality of partial light-emitting sections 41 arranged in a
matrix form. Each of the partial light-emitting sections 41
includes an LED (Light Emitting Diode) in this example. It
should be noted that the lamp making up the partial light-
emitting section 41 1s not limited to an LED. For example,
a CCFL (Cold Cathode Fluorescent Lamp) may be used
instead. The partial light-emitting sections 41 can each emit
light independently of each other at the set luminance. Light

emitted from each of the partial light-emitting sections 41
passes through the associated area (partial display area 31
which will be described later) of the liquid crystal display
section 30 and 1s emitted from the display device 1.
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(S1gnal Processing Section 10)

A detailed description will be given next of the signal
processing section 10.

The signal processing section 10 includes a peak level
detection portion 11, peak level correction portion 12, signal
correction portion 13 and luminance setting portion 14.

The peak level detection portion 11 detects a peak level
PL representing the highest luminance of all the levels of the
video signal Sdisp for each of the subpixels SPix.

FIG. 5 schematically illustrates a display screen S of the
display device 1. The display screen S i1s divided into the
partial display areas 31 that are arranged 1n a matrix form.
Each of the partial display areas 31 1s associated with one of
the partial light-emitting sections 41 of the backlight 40.
That 1s, light emitted from each of the partial light-emitting
sections 41 passes through the associated partial display area
31. Further, each of the partial display areas 1s divided into
a plurality of unit areas 32 (two unit areas 32 in this case).

The peak level detection portion 11 detects the peak level
PL of the video signal Sdisp for each of the partial display
arecas 31. The peak level PL i1s normalized so that the
mimmum signal level 1s “0,” and the maximum signal level
1s “1.” Here, the term “minimum signal level” refers to the
level of the video signal Sdisp that provides the minimum
luminous transmittance (so-called black level) of the liqud
crystal element LC, and the term “maximum signal level” to
the level of the video signal Sdisp that provides the maxi-
mum luminous transmittance (so-called white level) of the
liquid crystal element LC. Then, the peak level detection
portion 11 supplies, to the peak level correction portion 12,
the position of the unit area 32, 1.e., one of the two unit areas
32 belonging to that partial display area 31, where the peak
level PL has been detected, together with the detected peak
level PL for each of the partial display areas 31.

The peak level correction portion 12 corrects the peak
level PL based on the peak level PL and a peak position PP
supplied from the peak level detection portion 11, thus
generating a peak level PL2. The peak level correction
portion 12 has a correction data map MAP as 1illustrated in
FIG. 1 and corrects the peak level PL using the correction
data map MAP.

FIG. 6 1llustrates an example of the correction data map
MAP. The correction data map MAP represents a map of
correction data DT 1n the display screen S. The correction
data DT 1s set for each of the unit areas 32.

In this example, three areas RA to RC are provided 1n the
correction data map MAP. The arcas RA to RC have
different values as the correction data DT. The area RA 1s
provided at and near the center of the display screen S. The
area RB 1s provided to surround the area RA. The area RC
1s provided on the outside of the area RB. The correction
data DT 1s set to “1.0” 1n the area RA, to “0.9” 1n the area
RB, and to “0.8” 1n the area RC.

The peak level correction portion 12 corrects the peak
level PL using the correction data map MAP based on the
peak level PL and peak position PP for each of the partial
display areas 31 supplied from the peak level detection
portion 11. More specifically, the peak level correction
portion 12 acquires the correction data DT 1n the unit area
32 indicated by the peak position PP using the correction
data map MAP first as will be described later. Then, the peak
level correction portion 12 multiplies the correction data DT
by the peak level PL 1n the partial display area 31 including,
that unit area 32, thus correcting the peak level PL and
generating the peak level PL2. Then, the peak level correc-
tion portion 12 finds a gain factor G1 using a function F1
based on the peak level PL2, thus supplying the gain factor
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6

(g1 to the signal correction portion 13. Here, the function F1
increases the gain factor G1 as the peak level PL2 decreases.
Similarly, the peak level correction portion 12 finds a
luminance factor G2 using a function F2 based on the peak
level PL.2. Here, the function F2 increases the luminance
factor G2 as the peak level PL2 increases. It should be noted
that although the functions F1 and F2 are used in this
example, the present disclosure 1s not limited to these
functions. Instead, a LUT (Look Up Table), for example,

may be used.

The signal correction portion 13 corrects the level of the
video signal Sdisp for each of the partial display areas 31
based on the gain factor G1 of the partial display areas 31,
thus outputting 1t as the video signal Sdisp2. More specifi-
cally, the signal correction portion 13 multiplies the level of
the video signal Sdisp by the gain factor G1 for each of the
partial display areas 31, thus correcting the level of the video
signal Sdisp as will be described later.

The luminance setting portion 14 sets the luminance of
cach of the partial light-emitting sections 41 of the backlight
40 based on the luminance factor G2 of each of the partial
display areas 31. More specifically, the luminance setting
portion 14 sets the partial light-emitting section 41 associ-
ated with the partial display area 31 to a luminance propor-
tional to the luminance factor G2 as will be described later.

Here, the correction data map MAP corresponds to a
specific example of a “data map” 1n the present disclosure,
and the correction data DT to a specific example of “factor
data.” The signal processing section 10 corresponds to a
specific example of a “processing section” 1n the present
disclosure. The arecas RA to RC correspond to specific
examples of “factor data areas” 1n the present disclosure, and
the areca RA to a specific example of a “specific factor data
area.”
|Operation and Action]

A description will be given next of the operation and
action of the display device 1 according to the present
embodiment.

(Outline of the Overall Operation)

First, the overall operation of the display device 1 will be
outlined with reference to FIG. 1. The signal processing
section 10 generates the video signal Sdisp2 and sets the
luminance of each of the partial light-emitting sections 41 of
the backlight 40 based on the video signal Sdisp. More
specifically, the peak level detection portion 11 detects the
peak level PL and peak position PP of the video signal Sdisp
for each of the partial display areas 31. The peak level
correction portion 12 generates the peak level PL2 by
correcting the peak level PL using the correction data map
MAP based on the peak level PL and peak position PP, thus
finding the gain factor G1 and luminance factor G2 based on
the peak level PL2. The signal correction portion 13 corrects
the video signal Sdisp for each of the partial display areas 31
based on the gain factor G1, thus generating the video signal
Sdisp2. The luminance setting portion 14 sets the luminance
of each of the partial light-emitting sections 41 of the
backlight 40 based on the luminance factor G2.

The display drive section 20 drives the liquid crystal
display section 30. The liquid crystal display section 30
displays an image by modulating light emitted from the
backlight 40. The backlight drnive section 9 drives the
backlight 40. Each of the partial light-emitting sections 41 of
the backlight 40 emits light based on a drive signal supplied
from the backlight drive section 9 and directs it to the liquid
crystal display section 30.
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(Operation of the Signal Processing Section 10)

A detailed description will be given next of the operation
of the signal processing section 10.

FIG. 7 illustrates an operation example of the signal
processing section 10. The signal processing section detects
the peak level PL of the supplied video signal Sdisp for each
of the partial display areas 31 first, and then generates the
peak level PL2 by correcting the peak level PL using the
correction data map MAP, thus finding the gain factor G1
and luminance factor G2 based on the peak level PL2. Then,
the signal processing section 10 corrects the video signal
Sdisp based on the gain factor G1 and sets the luminance of
the partial light-emitting section 41 associated with that
partial display area 31 based on the luminance factor G2. A
detailed description thereof will be given below.

First, the peak level detection portion 11 of the signal
processing section 10 detects the peak level PL and peak
position PP of the video signal Sdisp for each of the partial
display areas 31 (step S1).

FIG. 8 schematically illustrates examples of normalized
signal levels LA1 to LA6 of the video signal Sdisp in unit
areas Al to A6 shown i FIG. 5. In the curves with signal
levels LA1 to LAG6, the horizontal axis represents all the
subpixels SPix respectively belonging to the unit areas Al to
A6. That 1s, the curves having the signal levels LA1 to LAG6
represent the signal levels of all the subpixels SPix belong-
ing to the unit areas Al to A6, respectively.

In the example shown 1n FIG. 8, the maximum value of
the signal levels LA1 and LA2 1s, for example, 0.5 (peak
level PL) 1n the partial display area 31 that includes the unit
arecas Al and A2. The unit area 32 having this maximum
value 1s the unit area Al (peak position PP).

On the other hand, the maximum value of the signal levels
LLA3 and LA4 1s, for example, 0.5 (peak level PL) 1n the
partial display area 31 that includes the unit areas A3 and A4.
The unit area 32 having this maximum value 1s the unit area
Ad (peak position PP).

Similarly, the maximum value of the signal levels LAS
and LA6 1s, for example, 0.5 (peak level PL) 1n the partial
display area 31 that includes the unit areas AS and A6. The
unit area 32 having this maximum value 1s the unit area A6
(peak position PP).

The peak level detection portion 11 detects the peak level
PL and peak position PP 1n all the partial display areas 31 as
described above. It should be noted that the peak levels PL
are all 0.5 as shown above for reasons of convenience 1n this
example. However, the present disclosure 1s not limited
thereto. Instead, the peak levels may take on any value
between 0 and 1.

Next, the peak level correction portion 12 of the signal
processing section 10 corrects the peak level PL detected by
the peak level detection portion 11 (step S2). More specifi-
cally, the peak level correction portion 12 acquires the
correction data DT 1n the unit area 32 indicated by the peak
position PP using the correction data map MAP first. Then,
the peak level correction portion 12 multiplies the correction
data DT by the peak level PL in the partial display area 31,
thus correcting the peak level PL and generating the peak
level PL2.

In the partial display area 31 that includes the unit areas
Al and A2, for example, the peak position PP is the unit area
Al. Therefore, the peak level correction portion 12 acquires
the correction data DT (1.0) in this unit area A1 by using the
correction data map MAP (FIG. 6). That 1s, the peak position
PP (umit area A1) 1n the partial display area 31 belongs to the
area RA. Then, the peak level correction portion 12 multi-

10

15

20

25

30

35

40

45

50

55

60

65

8

plies the correction data DT by the peak level PL (0.5), thus
generating the peak level PL2 (0.5=1.0x0.5).

In the partial display area 31 that includes the unit areas
A3 and A4, on the other hand, the peak level correction
portion 12 acquires the correction data DT (0.9) 1n the peak
position PP (unit area A4). That 1s, the peak position PP (unit
arca Ad) 1n this partial display area 31 belongs to the area

RB. Then, the peak level correction portion 12 generates the
peak level PL2 (0.45=0.9x0.5) based on this correction data

DT and peak level PL (0.3).

Similarly, 1n the partial display area 31 that includes the
unit areas A5 and A6, the peak level correction portion 12
acquires the correction data DT (0.8) 1n the peak position PP
(unit area A6). That is, the peak position PP (unit area A6)
in this partial display area 31 belongs to the area RC. Then,
the peak level correction portion 12 generates the peak level

PL2 (0.4=0.8x0.5) based on this correction data DT and
peak level PL (0.5).

The peak level correction portion 12 corrects the peak
level PL 1n all the partial display areas 31 as described
above, thus generating the peak level PL2.

Next, the signal processing section 10 corrects the level of
the video signal Sdisp and sets the luminance of each of the
partial light-emitting sections 41 of the backlight 40 (step
S3).

FIGS. 9A and 9B illustrate an example of the process
performed 1n step S3 11 the signal levels are as shown i FIG.
8. FI1G. 9A 1llustrates the correction of the level of the video
signal Sdisp, and FIG. 9B the setting of the luminance of the
partial light-emitting sections 41.

The peak level correction portion 12 of the signal pro-
cessing section 10 finds the gain factor G1 using the function
F1 based on the peak level PL2 and also finds the luminance
factor G2 using the function F2 for each of the partial
display areas 31. Then, the signal correction portion 13 of
the signal processing section 10 multiplies the level of the
video signal Sdisp by the gain factor G1 for each of the
partial display areas 31 as illustrated i FIG. 9A, thus
correcting the level of the video signal Sdisp. Further, the
luminance setting portion 14 of the signal processing section
10 sets the partial light-emitting sections 41, each associated
with one of the partial display areas 31, to a luminance
proportional to the luminance factor G2 as illustrated i FIG.
9B.

In the partial display area 31 that includes the unit areas
Al and A2, for example, the signal correction portion 13
multiplies the level of the video signal Sdisp by the gain
factor G1 associated with the peak level PL2 (0.5) (FIG.
9A). Further, the luminance setting portion 14 sets the
associated partial light-emitting section 41 to a luminance
proportional to the luminance factor G2 associated with the
peak level PL2 (0.5) (FIG. 9B).

In the partial display area 31 that includes the unit areas
A3 and A4, on the other hand, the signal correction portion
13 multiplies the level of the video signal Sdisp by the gain
factor G1 associated with the peak level PL2 (0.45) (FIG.
9A). Further, the luminance setting portion 14 sets the
associated partial light-emitting section 41 to a luminance
proportional to the luminance factor G2 associated with the
peak level PL2 (0.45) (FIG. 9B). The peak level PL2 (0.45)
in the umt arcas A3 and A4 1s smaller than that (0.5) 1n the
unmt areas Al and A2. Therefore, the gain factor G1 1n the
unit areas A3 and A4 1s greater than that in the unit areas Al
and A2, and the luminance factor G2 in the unit areas A3 and
Ad 1s smaller than that 1in the unit areas A1 and A2.

Similarly, 1n the partial display area 31 that includes the
unmit areas AS and A6, for example, the signal correction
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portion 13 multiplies the level of the video signal Sdisp by
the gain factor G1 associated with the peak level PL2 (0.4)
(F1G. 9A). Further, the luminance setting portion 14 sets the
associated partial light-emitting section 41 to a luminance
proportional to the luminance factor G2 associated with the

peak level PL2 (0.4) (FIG. 9B). The peak level PL2 (0.4) in
the unit areas A5 and A6 1s smaller than that (0.45) 1n the
unit areas A3 and Ad4. Therefore, the gain factor G1 1n the
unit areas AS and A6 1s greater than that in the unit areas A3
and A4, and the luminance factor G2 in the unit areas A5 and
A6 1s smaller than that 1n the unit areas A3 and A4.

The signal processing section 10 corrects the level of the
video signal Sdisp 1n all the partial display areas 31 and sets
the luminance of each of all the partial light-emitting sec-
tions 41 as described above.

This ends the flow. The signal processing section 10
processes each frame image supplied via the video signal
Sdisp as described above.

Thus, the luminance of the associated partial light-emit-
ting section 41 1s set according to the level of the video
signal Sdisp for each of the partial display areas 31 1n the
display device 1. As a result, the lower the level of the video
signal Sdisp (peak level PL), the more the luminance of the
partial light-emitting section 41 can be reduced, thus con-
tributing to reduced power consumption of the backlight 40.

A description will be given next of the action of the
correction data map MAP. The correction data map MAP has
the three areas RA to RC provided therein that differ in the
correction data DT from each other.

In the partial display area 31 whose peak position PP 1s
detected 1n the area RA, the correction data DT 1s 1.0.
Therefore, the luminance of the associated partial light-
emitting section 41 can be reduced without degrading the
image quality. That 1s, 1n the partial display area 31 that
includes the unit areas Al and A2 (on the left in FIGS. 8, 9A
and 9B), for example, the signal levels are multiplied by the
gain factor G1 for correction, and the luminance of the
partial light-emitting sections 41 1s set to be proportional to
the luminance factor G2. At thus time, the corrected signal
levels do not exceed the so-called white level (FIG. 9A).
This prevents the degradation of the image quality, thus
contributing to reduced power consumption without degrad-
ing the image quality.

In the partial display area 31 whose peak position PP 1s
detected 1n the area RB, the correction data DT 1s 0.9.
Therefore, the luminance of the associated partial light-
emitting section 41 can be further reduced although the
image quality declines to a small extent. That 1s, in this
partial display area 31, the corrected signal level for some of
the subpixels SPix exceeds the white level and 1s saturated
(portion W1 in FIG. 9A). In this case, the luminance of the
subpixel SPix 1s lower than the desired one and not sufli-
cient. Further, i, for example, the signal level of only the
subpixel SPix of a certain color 1s saturated, a so-called color
shift occurs. I the corrected signal level 1s saturated as

described above, the image quality may degrade due to
insuthicient luminance or color shift. However, the area RB
1s provided to surround the area RA that 1s provided at and
near the center of the display screen S (FIG. 6). Therelore,
it 1s unlikely that the area RB will attract more attention of
the viewer than the area RA. Therefore, even 11 a color shift
or other problem occurs in the partial display areas 31 of the
areca RB, it 1s unlikely that the viewer will perceive the
degradation of 1image quality. On the other hand, the lumi-
nance of the partial light-emitting sections 41 of the area RB
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can be reduced more than that of the partial light-emitting
sections 41 of the area RA (FIG. 9B), thus contributing to

reduced power consumption.

Similarly, 1n the partial display area 31 whose peak
position PP 1s detected in the area RC, the correction data
DT 1s 0.8. Therefore, the luminance of the associated partial
light-emitting section 41 can be reduced more than that of
the partial display area 31 of the area RA although the image
quality declines to a small extent, thus contributing to
reduced power consumption.

As described above, the display device 1 has the correc-
tion data map MAP that permits adjustment of the extent to
which power consumption 1s reduced for each of the areas
RA to RC. That 1s, 1n the area R A that 1s provided at and near
the center of the display screen S and that 1s most likely to
attract the attention of the viewer, the power consumption 1s
reduced without degrading the image quality. In the areas
RB and RC that are provided to surround the area RA and
that are less likely to attract the attention of the viewer, the
power consumption 1s further reduced at the somewhat
expense ol 1mage quality. As a result, the display device 1
provides reduced power consumption in an eflective manner
while at the same time minimizing the likelihood of the
viewer percerving the degradation of image quality.
|Effect]

As described above, a correction data map 1s provided 1n
the present embodiment, thus permitting adjustment of the
extent of power consumption for each partial display area
and providing a high degree of freedom 1n power control.

Each of the partial display areas 1s divided into a plurality
of unit areas in the present embodiment so that a different
piece of correction data can be set for each of the unit areas.
This makes it possible to set the shapes of the areas RA to
RC with more freedom without being limited by the size of
the partial display area or partial light-emitting section.

Further, 1n the present embodiment, the farther away from
the center of the display screen, the higher the extent to
which the power consumption 1s reduced. This provides
reduced power consumption in an eflective manner while at
the same time mimmizing the likelihood of the viewer
percerving the degradation of 1image quality.

[Modification Example 1-1]

In the above example, the correction data DT was set to
1, 0.9 and 0.8 respectively in the arcas RA to RC. However,
the values of the correction data DT are not limited thereto.
Alternatively, the correction data DT may be set to values
with smaller differences between them such as 1, 0.95 and
0.9. Sull alternatively, the correction data DT may be set to
values with varying diflerences between them such as 1, 0.9
and 0.83.

Further, the correction data DT in the area RA 1s not
limited to 1. Alternatively, the correction data DT may be,
for example, set to 1.1, 1 and 0.9. FIGS. 10A and 10B
1llustrate an example of the process performed 1n this case by
the signal processing section 10 1n step S3. As 1s obvious by
comparison with the above embodiment (FIGS. 9A and 9B),
the present modification example (FIGS. 10A and 10B)
provides slightly reduced corrected signal levels and slightly
higher luminance of the partial light-emitting section 41.
More specifically, 1n the partial display area 31 of the area
RA (on the left in FIG. 10A), there 1s a margin between the
maximum value of the corrected signal level and the white
level (portion W2). Further, although part of the corrected
signal level exceeds the white level (portion W3) 1n the
partial display area 31 of the area RA (on the right in FIG.
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10A), the excess beyond the white level 1s smaller than that
in the above embodiment (FIGS. 9A and 9B). That 1s, the
present modification example provides improved image

quality as compared to the above embodiment.
Further, although the three areas RA to RC are provided

in the above embodiment, the present disclosure 1s not

limited thereto. Alternatively, two areas may be provided.
Still alternatively, four or more areas may be provided.

Modification Example 1-2

In the above embodiment, the direct backlight 40 15 used.
However, the present disclosure i1s not limited thereto.
Instead, an edge-light backlight, for example, may be used.
A description will be given below of a display device 1B
having an edge-light backlight 40B.

FIG. 11 illustrates a configuration example of the edge-
light backlight 40B. The backlight 408 has a plurality of
(four 1n this example) light sources 49 on the top and bottom
sides of the display screen S. Light emitted from each of
these light sources 49 1s guided onto the entire surface of an
associated partial light-emitting section 43 by a light guide
plate and emitted to the liquid crystal display section 30.

FIG. 12 schematically illustrates the display screen S of
the display device 1B. The display screen S 1s divided into
a plurality of partial display areas 33 each of which is
associated with one of the partial light-emitting sections 43
(FIG. 11) of the backlight 40B. Further, each of the partial
display areas 33 1s divided into the plurality of unit areas 32
(16 unit areas 32 1n this case).

In this case, the same advantageous eflect as with the
display device 1 according to the above embodiment can be

achieved by using, for example, the correction data map
MAP shown 1n FIG. 6.

Modification Example 1-3

In the above embodiment, the backlight 40 having the
plurality of partial light-emitting sections 41 1s used. How-
ever, the present disclosure 1s not limited thereto. Instead, a
backlight including a single light-emitting section may be
used. In this case, the display screen S 1s divided into the
plurality of unit areas 32 as illustrated 1n FIG. 13. Even in
this case, the same advantageous eflect as with the display
device 1 according to the above embodiment can be

achieved by using, for example, the correction data map
MAP shown 1n FIG. 6.

Modification Example 1-4

In the above embodiment, the correction data map MAP
1s fixed. However, the present disclosure 1s not limited
thereto. Instead, the correction data map MAP may be
prepared 1n such a manner as to be changed according to the
operation mode. For example, if the display device 1 1s
applied to a television receiver, the correction data DT may
be set to 1, 0.9 and 0.8 respectively 1n the areas RA to RC
in so-called home use mode, and to 1 1n all the areas RA to
RC 1n 1mage quality priority mode. Further, not only the
correction data DT but also the layout of the areas RA to RC
in the display screen S and the number thereof may be
changed.

Still further, the correction data map may be prepared 1n
such a manner as to be changed according to the video
source content. A description will be given below of a
display device 1F according to the present modification
example.
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FIG. 14 1llustrates a configuration example of the display
device 1F. The display device 1F includes a signal process-

ing section 10F. The signal processing section 10F includes
a content detection portion 15 and peak level correction
portion 12F. The content detection portion 15 detects content
based on content information (e.g., information representing
genres such as sports, news, cinemas and animations). The
peak level correction portion 12F can change the correction
data map MAP based on the detection result of the content
detection portion 15. More specifically, the peak level cor-
rection portion 12F selects the correction data map MAP
suitable for the content from among the plurality of preset
correction data maps MAP. The correction data map MAP
used to display a sport program may be, for example, as
shown 1n FIG. 6. Further, the correction data map MAP used
to display a cinema program may be, for example, that in
which the correction data DT 1s set to 1 for all the areas RA
to RC. It should be noted that the content detection portion
15 detects content based on content information contained 1n
the video signal Sdisp. However, the present disclosure 1s
not limited thereto. Instead, content may be detected, for
example, based on an EPG (Electronic Program Guide).

2. Second Embodiment

A description will be given next of a display device 2
according to a second embodiment. In the present embodi-
ment, each of the partial display areas 31 1s not divided into
the plurality of unit areas 32 so that each partial display area
1s associated one-to-one with a unit area. It should be noted
that the components that are substantially the same as those
of the display device 1 according to the first embodiment are
denoted by the same reference symbols, and that the descrip-
tion thereotf will be omitted as approprate.

The display device 2 according to the present embodiment
includes a signal processing section 60 as illustrated 1n FIG.
1. The signal processing section 60 includes a peak level
detection portion 61 and peak level correction portion 62.

FIG. 15A schematically illustrates the display screen S of
the display device 2, and FIG. 15B an example of the
correction data map MAP. The display screen S of the
display device 2 1s divided into partial display areas 34 that
are arranged in a matrix form as illustrated in FIG. 15A.
Each of the partial display areas 34 1s associated with one of
the partial light-emitting sections 41 of the backlight 40.
Unlike the display device 1 according to the first embodi-
ment, each of the partial display areas 34 1s not divided nto
a plurality of unit areas. Therefore, each of the partial
display areas 34 1s associated one-to-one with a unit area.
The correction data DT 1s set for each of the unit areas 32.
Further, in the correction data map MAP according to the
display device 2, the correction data DT 1s set for each of the
partial display areas (unit areas) 34 as 1illustrated in FIG.
15B.

The peak level detection portion 61 detects the peak level
PL of the video signal Sdisp for each of the partial display
arcas 34, supplying the detection result to the peak level
correction portion 62 together with a position PR of the
partial display area 34. That 1s, unlike the peak level
detection portion 11 according to the first embodiment, the
peak level detection portion 61 supplies the position PR of
the partial display area 34 rather than the peak position PP
to the peak level correction portion 62.

The peak level correction portion 62 corrects the peak
level PL using the correction data map MAP based on the
peak level PL and position PR for each of the partial display

areas 34 supplied from the peak level detection portion 61.
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More specifically, the peak level correction portion 62
acquires the correction data DT 1n the partial display area
(unit area) 34 indicated by the position PR first using the
correction data map MAP. Then, the peak level correction
portion 62 multiplies the correction data DT by the peak
level PL 1n the partial display area 31 including that unit area
32, thus correcting the peak level PL and generating the peak
level PL2. Then, the peak level correction portion 62 finds
the gain factor G1 using the function F1 based on the peak
level PL2 and also finds the luminance factor G2 using the
function F2.

As described above, 1n the present embodiment, each of
the partial display areas 1s associated one-to-one with a unit
area. Therefore, even i1I a piece of hardware having poor
arithmetic capability 1s used as the signal processing section,
it 1s possible to provide a high degree of freedom 1n power
control. Other advantageous eflects of the present embodi-
ment are the same as those of the first embodiment.

Modification Example 2-1

Any of modification examples 1-1, 1-2 and 1-4 of the first
embodiment may be applied to the display device 2 accord-
ing to the present embodiment.

3. Third Embodiment

A description will be given next of a display device 3
according to a third embodiment. In the present embodi-
ment, the correction data map MAP can be dynamically
changed based on the video signal Sdisp in the display
device 1 according to the first embodiment. It should be
noted that the components that are substantially the same as
those of the display device 1 according to the first embodi-
ment are denoted by the same reference symbols, and that
the description thereof will be omitted as appropriate.

FI1G. 16 illustrates a configuration example of the display
device 3 according to the present embodiment. The display
device 3 includes a signal processing section 50. The signal
processing section 50 includes a face detection portion 51,
correction data map generation portion 53 and peak level
correction portion 52.

The face detection portion 51 detects a human face to be
displayed on the display screen S and finds the position and
s1ze of the face in the display screen S based on the video
signal Sdisp, thus supplying these pieces of information
(face detection information IF) to the correction data map
generation portion 33. The correction data map generation
portion 53 generates the correction data map MAP based on
the face detection information IF. The peak level correction
portion 52 corrects the peak level PL detected by the peak
level detection portion 11 using the correction data map
MAP supplied from the correction data map generation
portion 53, thus generating the peak level PL2 and finding
the gain factor G1 and luminance factor G2 based on the
peak level PL2.

FIG. 17 1llustrates an example of the correction data map
MAP according to the present embodiment. The correction
data map generation portion 53 generates the correction data
map MAP based on the face detection information IF. More
specifically, the correction data map generation portion 53
sets the area associated with the detected face as the area
RA, sets the area RB i1n such a manner as to surround the
area RA and sets the area other than the areas RA and RB as
the area RC, thus generating the correction data map MAP.

The correction data DT 1s set to “1.0” 1n the area RA, to
“0.9” 1n the area RB, and to “0.8” in the area RC as in the
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first embodiment. That 1s, the power consumption of the
partial display areas 31 of the area RA can be reduced
without degrading the image quality. On the other hand, the
power consumption of the partial display areas 31 of the
areas RB and RC can be further reduced at the somewhat
expense of 1image quality.

As described above, the display device 3 detects a human
face to be displayed on the display screen S based on the
video signal Sdisp, thus setting the area associated with the
detected face as the area RA. That 1s, 1f the viewer watches,
for example, a drama, it 1s generally likely that the face of
the displayed person will attract the attention of the viewer.
Further, 1t 1s more likely that a color shift, for example, will
appear unnatural to the viewer when the face of a person 1s
displayed than when an object 1s displayed. Therefore, the
display device 3 detects a human face and sets the display
area thereof as the area RA, thus making it possible to
display the face without degrading the image quality.

Further, the display device 3 sets the areas RB and RC 1n
such a manner as to surround the face display area. That 1s,
it 1s likely that the human face will attract the attention of the
viewer as described above, and 1t 1s unlikely that the areas
other than the face will attract the attention of the viewer.
Theretfore, 1t 1s unlikely that the viewer will perceive the
degradation of image quality even in the event of a color
shift in any of the areas other than the face. Therefore, the
display device 3 sets the areas other than the face display
area as the arcas RB and RC, providing reduced power
consumption in an effective manner while at the same time
minimizing the likelihood of the viewer perceiving the
degradation of 1mage quality.

As described above, i the present embodiment, a cor-
rection data map 1s dynamically generated based on a video
signal, thus providing a high degree of freedom in power
control according to the display content.

Further, the face detection section 1s provided in the
present embodiment so that the area showing a face 1s
displayed with high image quality, and that the power
consumption of other areas 1s reduced, thus providing
reduced power consumption in an eflective manner while at
the same time mimmizing the likelihood of the viewer
percerving the degradation of 1image quality.

Other advantageous eflects of the present embodiment are
the same as those of the first embodiment.

Modification Example 3-1

A human face to be displayed on the display screen S 1s
detected in the above embodiment. However, the present
disclosure 1s not limited thereto. Instead or in addition
thereto, subtitles and telops, for example, may be detected.
This makes 1t possﬂ:ﬂe to display subtitles and telops, 1.e.,
information that 1s likely to attract the attention of the
viewer, without degrading the 1mage quality.

Modification Example 3-2

In the above embodiment, what 1s likely to attract the
attention of the viewer 1s detected, and the display area
thereol 1s set as the area RA. However, the present disclosure
1s not limited thereto. Instead, what 1s unlikely to attract the
attention of the viewer may be detected so that the display
area thereof 1s set as the area RC. More specifically, 11 the
display device 3 1s used, for example, for a TV conference
system, the display area of one’s own face can be set as the
area RC. This makes 1t possible to display the area showing
the face of the party on the other end with high image quality
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and reduce the power consumption of the area showing
one’s own face at the expense ol 1image quality.

Modification Example 3-3

Any of modification examples 1-1 to 1-4 of the first
embodiment may be applied to the display device 3 accord-
ing to the present embodiment.

Modification Example 3-4

In the above embodiment, the correction data map MAP
can be dynamically changed 1n the display device 1 accord-
ing to the first embodiment. However, the present disclosure
1s not limited thereto. The correction data map MAP can be
dynamically changed 1n the display device 2 according to
the second embodiment.

Thus, the present technology has been described by citing
several embodiments and modification examples. However,
the present technology 1s not limited to these embodiments
and may be modified 1n various ways.

In the third embodiment, for example, the position of the
detected face 1s set as the area RA, and the areas RB and RC
are set 1n such a manner as to surround the face display area.
However, the present disclosure 1s not limited thereto. For
example, the area 1n which a face 1s detected may also be set
as the area RA 1n the correction data map MAP (for example,
FIG. 6) according to the first and second embodiments as
illustrated 1n FIG. 18. As a result, the display device 3
operates 1n the same manner as the display devices 1 and 2
according to the first and second embodiments 11 no face 1s
displayed on the display screen S. On the other hand, 1f a
tace 1s displayed on the display screen S, the power con-
sumption of the area showing the face can be reduced in an
cllective manner without degrading the 1mage quality.

It should be noted that the present technology may have
the following configurations.

(1) A display device including:
a liquid crystal display section adapted to display an
image based on a video signal;

a backlight; and

a processing section adapted to correct the video signal
and set the luminance of the backlight based on two
pieces ol information, a peak level of the video signal
in a display screen or in each of a plurality of partial
display areas into which the display screen 1s divided,
and factor data obtained from a data map made up of a
reference position on the display screen and the factor
data that are associated with each other.

(2) The display device of feature (1), 1n which

the peak level 1s a peak level of an 1image to be displayed
in each of the partial display areas, and

the processing section uses the data map to set a position
on the display screen where the peak level occurs 1n
cach of the partial display areas as the reference posi-
tion so as to acquire factor data associated with the
reference position.

(3) The display device of feature (1), in which

the peak level 1s a peak level of an 1image to be displayed
in each of the partial display areas, and

the processing section uses the data map to set a position
on the display screen 1n each of the partial display areas
he reference position so as to acquire factor data

as t
associated with the reference position.
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(4) The display device of feature (2) or (3), 1n which
the backlight has a plurality of partial light-emitting
sections each of which 1s associated with one of the partial
display areas, and
the processing section corrects the video signal for each of
the partial display areas and sets the luminance of the
associated partial light-emitting section based on the
peak level and factor data.
(5) The display device of feature (1), 1n which
the peak level 1s a peak level of an 1mage to be displayed
on the display screen, and
the processing section uses the data map to set a position
on the display screen where the peak level occurs as the
reference position so as to acquire factor data associ-
ated with the reference position.
(6) The display device of any one of features (1) to (5), in
which
the data map 1s divided 1nto a plurality of factor data areas
that differ in the factor data from each other.
(7) The display device of feature (6), 1n which
i1 the reference position belongs to a specific factor data
area of the plurality of factor data areas, the processing
section corrects the video signal so that the luminance of the
backlight 1s set to a higher level and the transmittance of the
liquiad crystal display section 1s set to a lower level than if the
reference position belongs to other factor data area.
(8) The display device of feature (7), in which
the specific factor data area 1s provided at and near the
center of the display screen.
(9) The display device of feature (7) including:
an 1mage recognition section adapted to identify a prede-
termined 1mage in the image to be displayed based on the
video signal.
(10) The display device of feature (9), in which
the specific factor data area 1s an area where the prede-
termined 1mage has been identified.
(11) The display device of feature (9), in which
the specific factor data area includes an area associated
with the center and near the center of the display screen and
the area where the predetermined 1image has been identified.
(12) The display device of any one of features (9) to (11),
in which
the predetermined 1mage 1s a face 1mage.
(13) The display device of any one of features (9) to (12),
in which
the predetermined 1mage 1s an 1image of a portion of a
displayed image that attracts much attention of a viewer.
(14) The display device of any one of features (7) to (13)
including:
a data map generation section adapted to generate a data
map containing the specific factor data.
(15) The display device of any one of features (1) to (14),
in which
the display device has a plurality of operation modes, and
the processing section determines which data map to refer
to according to the operation mode.
(16) The display device of any one of features (1) to (15),
in which
the processing section determines which data map to refer
to according to content to be displayed.
(17) A display device including:
a liqud crystal display section adapted to display an
image based on a video signal;
a backlight; and
a processing section adapted to correct the video signal
and set the luminance of the backlight based on two
pieces of information, a peak level of the video signal
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in a display screen or in each of a plurality of partial
display areas into which the display screen 1s divided,
and a peak position, 1.e., a position on the display
screen where the peak level occurs.

(18) A display device including:

a liquid crystal display section adapted to display an
image based on a video signal;

a backlight having a plurality of partial light-emitting

sections; and

a processing section adapted to correct the video signal

and set the luminance of each of the partial light-
emitting sections based on two pieces of information, a
peak level of the video signal 1n a partial display area
associated with one of the partial light-emitting sec-
tions, and a position of that partial display area.

(19) A display method including;

correcting a video signal and setting the luminance of a
backlight based on two pieces of mnformation, a peak level
of the video signal in a display screen or 1n each of a
plurality of partial display areas into which the display
screen 1s divided, and factor data obtained from a data map
made up of a position on the display screen and the factor
data that are associated with each other so as to display an
image based on the corrected video signal.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2011-246770 filed 1n the Japan Patent Office on Nov. 10,
2011, the entire content of which 1s hereby incorporated by
reference.

What 1s claimed 1s:

1. A display device comprising:

a liquid crystal display section to display an image based

on a video signal on a display screen;

a backlight configured to have a plurality of light sources

on one or more edge sides of the display screen; and

a light guide plate,

wherein each of the light sources 1s configured to emit

light,

wherein the light emitted from each of the light sources 1s

guided onto an entire surface of a respective partial
light-emitting section of a plurality of partial light-
emitting sections of the backlight by the light guide
plate and emitted to the liquid crystal display section,
so as to enable each of the partial light-emitting sec-
tions to emit light independently of each other; and

a processing section configured to correct the video signal

and set luminance of the backlight based on (1) a peak
level of the video signal in each of a plurality of partial
display areas into which the display screen 1s divided,
and (11) factor data obtained from a data map made up
ol a reference position on the display screen and the
factor data that are associated with each other, 1n which
the partial light-emitting sections are associated respec-
tively with the partial display areas,

wherein the peak level 1s a peak level of an 1mage to be

displayed 1n each of the partial display areas,

wherein the processing section 1s configured to obtain a

respective peak level for each of the partial display
arcas by determining which unit area of respective
plurality of umt areas into which each of the partial
display areas i1s divided has a maximum value of the
video signal, assigning the determined maximum value
as the peak level of the partial display area and assign-
ing the respective unit area having the maximum value
as a respective reference position, and

wherein the processing section 1s configured to determine

changes for the data map according to at least one of (1)
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an operation mode of a plurality of operation modes of
the display device or (i11) content to be displayed.

2. The display device of claim 1,

wherein the processing section 1s configured to calculate
a corrected peak level for each of the partial display
areas by use of the respective peak value for said partial
display area and respective factor data which 1s only
associated with the respective reference position even
when the respective unit areas of the respective partial
display area have different values of factor data, such
that the factor data associated with each position of a
unit area which i1s a non-reference position 1s not
utilized.

3. The display device of claim 2, wherein

the processing section 1s configured to set for each of the
partial light-emitting sections a luminance level
according to the corrected peak level of the partial
display area corresponding to the partial light-emitting
section.

4. The display device of claim 1 further comprising:

a data map generation section to generate the data map
containing the factor data.

5. The display device of claim 1, wherein

the data map 1s divided into a plurality of factor data areas
that differ in the factor data from each other.

6. The display device of claim 5, wherein

when the reference position belongs to a specific factor
data area of the plurality of factor data areas, the
processing section corrects the video signal so that the
luminance of the backlight 1s set to a higher level and
the transmittance of the liquid crystal display section 1s
set to a lower level than when the reference position
belongs to other factor data area.

7. The display device of claim 6, wherein

the specific factor data area 1s provided at and near the
center of the display screen.

8. A display method comprising:

correcting a video signal and setting luminance of a
backlight,

wherein the backlight 1s configured to have a plurality of
light sources on one or more edge sides of a display
screen,

wherein each of the light sources 1s configured to emut
light,

wherein the light emitted from each of the light sources 1s
guided onto an entire surface of a respective partial
light-emitting section of a plurality of partial light-
emitting sections of the backlight by a light gmide plate
and emitted to a liqmd crystal display section for
displaying an image based on the video signal on the
display screen, so as to enable each of the partial
lighting emitting sections to emit light independently of
each other,

wherein the correcting the video signal and setting the
luminance of the backlight 1s based on (1) a peak level
of the video signal in each of the plurality of partial
display areas into which the display screen 1s divided,
and (11) factor data obtained from a data map made up
of a reference position on the display screen and the
factor data that are associated with each other,

in which the partial light-emitting sections are associated
respectively with the partial display areas,

wherein the peak level 1s a peak level of an 1mage to be
displayed in each of the partial display areas;

obtaining a respective peak level for each of the partial
display areas by determining which unit area of respec-
tive plurality of unit areas into which each of the partial
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display areas 1s divided has a maximum value of the
video signal, assigning the determined maximum value
as the peak level of the partial display area and assign-
ing the respective unit area having the maximum value
as a respective reference position; and 5
determining changes for the data map according to at least
one of (1) an operation mode of a plurality of operation
modes of the display device or (1) content to be
displayed.
10
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